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DRILLING FLUIDS 



«* end Ihe thOTof ^ ° f 

drill™ n •., structured Surficran, drUimg fluids, a* secured SurftetMlt 

M ^^«om^™ g lowle»d S of M «l« i g toillgllgTO 

The.,™ "Drilling „ used teej „ ,„ ^ u ^ ^ ^ 
-* .0 luhnce «, ^ « ^ „ w ^ ^ J J* - 

The ,s also used herein lo ^ - SpKer Mdj , ^ ^ ^ 

tan*. pri„ rto cementing. Drining Fluids ere used „ the Morion of d J ^ 
ore Me, end espec*,, „„ ^ ^ ^ Fof ...^ ~ 

■Kttucuon .ndus^ „ ^ hotes ^ wcm ,^ JLJTofsfc.es 

^> -t— r- L --,- 3t the COflcen tn«ions present tend to lower the 

out dta. References herein lo the Electrolyte content or concentration refer to the lottl 
°'^Efe^o. bo, e^eeeny suspended solid. 

•Micej refers to . parricle. *c „ ^ spkeriC or rod stap<d 

the surfactant molecule* **A ^ . y aggregation of 

molecules ThetT " .7 ' *" ^ *" — «<>» 

molecules The mofccu.es .„ a Micelle ere ,ypic*, y ^ ^ fc 
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("head") groups lie on the surface of the Micelle and the lipophilic ("tail-) groups are in .he 
interior of the Micelle. 

"Biby.,- , hyer ofxxfMm , pproximMely , wo mo|ecu|M ^ ^ ^ 

from two adja«„, ^ llym . ^ ^ ^ ^ ^ 

such the lipophilic prions of ,he mofccufe, „ e located in the of the Bilayer and 

the hydrophjlic portions „ locwed on ju ^ ^ . ^ ^ ^ 

mdudetnterdigited ^ •** „ leas thn ,w„ molecules thick . M mttrdigiled lay „ 
ho regards as a Bilayer in which the ,wo layers hav. integrated ^ . |aj , ^ 
degree of overlap between the ail groups of the molecules ofrhe ,wo layers. 

■Sphendit," ^ , M.,.., or spheroidll , ^ tevi „ g d , mens . ons rf fr om o ( [o ^ 
««. Spheruh.es ma, sooreume. he disced into prolate, obtae. pear or dumben shapes 
Ve*de means a Sphent™, containing . liquid pnase bounded by a Bilay*. "Multiple 
Vea.de means a Vesicle which contains on. or more smahe, Vesic.es The Sphendi.es 
present ,„ Structured Surfactant systems are typically concemric Multiple Vesides 

-l^L ref T ' "* ^ Um " ,rPhMe ' * "* W *» »— <**«« as 
n« phase o, ,ame„a,- phase The "G" ph-e «oe m _ surfactant or surfceuu. mtace 

Tf™"' " ™ ™* °"™»ns. p„ re . G . ptasK „ 
*— by exammation of a samp,, unde, a posing microscope, between cross* 
Mansers Characteristic rexutres are obsetv* in accordance with the cUssic paper by 
Rosevear, JAOCS Vol 31 P6->8 ^ ;« i r* m ^ 

MWOMl O pha^normaHy exhibit, repeat spacing of from 50 ,„ 70 „m. in X-ray ~ 
«ac.ton or neutron Bering patterns. -Expanded G phase- means , - G . phase „,„ / 
repeat spacing of 110 to 
150 nm. 

m means Mu " ip,e vesick$ fom,ed fr ° m subs,M,w,y — * -* f 

Octant B.l.ye, bating with aqu^us phase with a "G" phase or Expand* G phase 
spacng- Typically conventional G phases may contain a minor proportion of Spherical G 



"Lye" means an aqueous liquid phase con«W„, Elecarolyte. which phase sepasatcs ft™ „ is 
Interspersed wiUt, a second liquid phase containing more Active „, less ^ 

than the Lye phase. 

"Sphenslitic Composid„„- means . wWch t mjjo[ pm of ^ 

P««n, as spheric O.pte.a. or wWch is ^ ^.^^ 

spherical G-phase. 

■Strucurred SoriW as used herein m«ms , fluid compMhio „ wWch „„ ^ _ 
vtscostay .hd rolid-suspending proper Md ^ , 
may optionally be dispel in. or inwspcsed with „ Kfleou! ^ ^ „ § 
Phaaa. The mesoplme may, for example, comprise Sphentlites. eapecUHy Spherical G-phase. 

"Weighting Agent" ™aaa a water insoluble p^euta. ^ ^ , specjf , c 

gaeaterahan3.5a«idprefeaaWyEreaiertliaiide» birtiam-i-™.^. - 

, . ' 0 ™ n * e 8 wnie or hematite which provides fluid loss 

control of the drilling fluid into the rock being drilled 

•Driuing Mud" is a Darning Ffcid which ^ mlfmU minera| ^ ^ 

cuttings and or Weighting Agents, 

■ 

•Polymeric Compound- is us*, nermn ,„ refer t0 Mtonl , modified „ 
polymers, of salts thereof, eg. polyelectroltyn. ' 

Drillmg Ruids in <», wdls „. norondly pump* continuously down the dr.,, stem, through 
apertures in the dri„ b« and are then forced up ,„ ,he surface through the armular space 

auriaca.h.cumnga are «p«,ed from th. Drilling Fhaid^ Uteris then recycW Prfo, 
to cementing, the Drilling Fluid is renlaarf h„ , c.,... rt ■., ..• L 
**»,...., s u "" sre '" ac « l ^ 1 *iwr Fluid whtch transpotts loose panicles 

*om the hole and leaves a cjean. watea-we, surface to provide a good cement bond 

^f*" » — - « >«o me foro^aion roclc coning Ihe oi„gas ,„d must no, 
3 hlock up the poaea with soads. TW.ro coropl«ion fluids aro gen^y weighted 
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Certan rocks cause particular problems during drilling or excavation, due ,o their «*■=, t0 
disuuegrate i„ lhe Mli „ e Fhlid to fonn w ^ ^ ^ ^ ^ ^ ^ 

fluh. «, wrnch rapidly build up in the recyde srteam causing an mcre^e in viscosity thereof 
Chef among the problem rocks is shal. which g^ disintegmes in ,h« presence ofwater 

Therefore, an accept, Drilling „„„ ^ „ ^ , ^ y ^ . % ^ 
under conditions of shou- flow taadi,,. ta it „, us , ^ ^ M 
for .ha reasons given hereundtove To aehiav, .has, conflicting requirements a thixotropic fluid 
■s usually required Moreover, i, must not cause excessive breakdown of rocks such ,s shal. 
uue ,„ .ha penetration of the fluid in,o .ha rock ,f „ is ,„ * useful for fc 

mus, be .hannnlly stable, and i, ,s important ,„,, exc^ve loss of fluid imo the (mxim 
should be avoided. 

Hirherto. these requirement have almost always b«n aehieved by using either an oil or an 
od.,,wa,er Pulsion as .he Drilflng Fluid The oi, coa.s pa.ic.ea of shal. ^ p^, lnem 

from comae, with warar. thereby inhibiting rhen disintegration However .his in ,„ m crea,ea 
an envronmenra, p^ especiaIly in omm ^ ^ ^ ^ 

d,sca,ded. To avoid serious polludon the oi, mus, be cleaned from ,he cutting,, Mm they 
can be dumped „is difficult Kpmsiv , ,„ ^ „ ^ * 

— level, bu, even these small amounts of ratol oi , are 
.here ,s tncreasmg pressllre t0 oi , blsed ^ ^ 

as emu^ng agents for the oi, or as dispel fer ^ Tht have ~ 

been prasen, essentially as monolayers surrounding colloidal size d rop l,.s „ r ^ of oil „ 
•spaaed sohd The pro.ec.ion of shale in Drilling Mud, has been essen,i.„y due ,o ,he shale 
*mg coated wfh od The suspending properties end .hixo,op,c eha.ac.er of ofl based 
Dnlhng Mud has been provided by the imeracdon of ,he disper*d oil tropto, 

The — n-*. of using conventional aqueous solution, which contain polymeric suspending 
.gems or dtspersants. polymeric thickening agents and,or bemonit, to suspend the rock 
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cuttings is less environmentally harmful, and may be somewhat cheaper than the use of oil 
based muds, but only for shallow drilling, and where the formation presents no special 
problems. For deep drilling or for drilling, or digging, through problem formations such as 
shale, which is very frequently encountered in oil well drilling and excavation, these 
conventional cheap aqueous fluids are inadequate. They have insufficient thermal stability to 
withstand the high temperatures of deep formations and they cause breakdown of the shale due 
to the penetration of the water through the shale. Their lubricity is also generally inferior to 
that of oil based muds. 

Attempts have been made to improve the performance of aqueous Drilling Fluids with a variety 
of special additives such as polymeric coating agents, and high concentrations of Electrolyte to 
help stabilise shale. These have substantially increased the cost of the fluid, but have no. 
succeeded in providing an aqueous fluid with adequate performance to replace oil based muds 
for deep drilling. However, environmental pressure is increasingly compelling oil companies to 
adopt relatively expensive and technically inferior aqueous based fluids in place of the 
conventional oil based muds. Such aqueous based fluids need to be specially treated, eg, by 
the use of weighting agents such as barite or haematite in order to control water seepage into 
porous rocks such as shale, where the seepage causes the shale to expand, and ultimately 
produces the collapse of the drilled hole. 

In the case of oil-free muds, the protection of the shale has been provided by the presence of 
polymers whtch encapsulate the rock particles irreversibly and are therefore consumed 
quantrtatively when the rock is separated. The solid suspending properties are provided by 

s^rr hiCkenCrS ^ " S ° diUm «*"*"^ — I- or methacryiates. These tend to 
stabUise the suspension at the expense of the mobility of the fluid . 

E^troWhaveTe - 

water actrvtty. If the concentration of the Electrolyte is sufficiently high to reduce the water 
actwny of the mud to the same level as that of the shale, hydration of the latter will not 
occur. However, if the water activity of the mud is too low the shale will tend to dehydrate 
and become brittle and if it is too high it will tend to hydrate and disintegrate, unless there is 
some protective barrier between the shale and the aqueous medium. Unfortunately it is not 
posstble consistently to maintain the Electrolyte at the optimum level because the mineral strata 
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contain soluble salts which tend to dissolve in the mud altering the Electrolyte content as it 
passes through the hole. 

Our UK Patent GB 2, 238,560 discloses aqueous Structured Surfactant based drilling fluids 
which provide good thermal stability, which may be used for deep drilling operations and 
which do not comprise oils, such as mineral oils which is a potential pollutant and fire hazard 
Reference is also made therein to the use of Structured Surfactants in laundry detergents, 
similar cleaning preparations, and pesticide compositions e g GB 2, 1 53,380. Typically, the 
drilling fluid compositions of GB 2,238,560 comprise more than 6% by weight of surfactant 
and a weighting agent such as barite (See Examples I to 9) Although the latter is not claimed 
to be an essential component for troublesome rocks such as shale, it is typically added to 
reduce the loss of the fluid through the rock. Thus, the compositions of GB 2,238,560 are 
believed to be limited application for drilling purposes where control of the loss of the fluid 
through the rock is required, but where it is desirable to avoid the use of a weighting agent 
Furthermore, GB 2,238.560 teaches that it is preferable to avoid the use of suspending agents 
such as carboxymethyf cellulose, and polymeric thickening agents such as gums, in Structured 
Surfactant drilling fluids. 

There is therefore a need for an aqueous based drilling fluid which has good drilling properties 
through problem rocks such as shale, but which does not require the presence of conventional 
amounts of a weighting agent, and which preferably is able to perform efficiently without said 
we,ghting agent i.e. an unweighting drilling fluid. Such an unweighted drilling fluid could for 
example be of particular benefit in drilling through said rocks when a completion fluid is 
-requiredriur^^ 

sides may be kept clean and free of said weighting agent. 

Furthermore, there is a need to be able to improve the drilling properties of conventional 
aqueous based drilling fluids though the aforementioned rocks, as required during drilling 
operations whenever such rocks are encountered, without requiring the use of the 
aforementioned weighting agents 

We have now discovered that aqueous surfactant drilling fluids which comprise typically up to 
5% by weight of polymeric compounds, optionally dissolved electrolyte and up to 10% bv 



weight of surfactant, all weights being based on the total weight of the composition exhibit 
good lubricity for both rock and metal, even under * me pressure conditions in the absence 
of extreme pressure additives. Surprisingly these drilling fluids do not require the presence of 
wetghtmg agents to protect rocks against disintegration due to the seepage of water Also 
these compositions exhibit the rheological characteristics required for a drilling fluid and are 
able to suspend solid rock cuttings. The fluid is easily separated from rock cuttings and any 
resrdual surfactant can easily be washed from the cuttings with water. The clean cuttings 
present no ecological hazard and may be safely dumped. The aqueous surfactant is a 
Stmctured Surfactant such as those formed by the interaction of surfactant with dissolved 
Electrolyte, preferably a spherulitic system. Typically it comprises a surfactant/water 
mesophase interspersed with an aqueous or aqueous Electrolyte continuous phase The 
Structured Surfactants can readily be formulated in a heat stable form for high temperature 
applications such as deep drilling. 

We have also discovered that aqueous Structured Surfactants drilling fluids which comprise up 
to 5% by w«ght of polymeric compounds, optionally dissolved electrolyte and up to 10% by 
weight of surfactant and up to 10% by weight of a weighting agent, all weights being based on 
the total we,ght of the composition, exhibit good lubricity for rock and metal, even in the 
absence of extreme pressure additives, with the advantages as mentioned hereinabove. 

In our invention both suspending properties and protection of shale are provided to some 
extern essentially by the surfactant, preferably in conjunction with some dissolved Electrolyte 
Wh,le we do not wish to be limited thereby, we believe that the surfactant may coa, shale 
parties reversibly It may also help to maintain an optimum water activity The surfactant is 
preferably present in our composition as spherical G-phase or Micelles. 



We have further discovered that the drilling properties through shale, or similar rocks which 
are susceptmle to disintegration, of conventional water based drilling fluids which contain 
polymenc compounds, optionally dissolved electrolyte, but which do not contain weighting 
agents, are dramatically improved by the addition of up to 10% by weight of surfactant based 
on the total weight of the composition, to produce an aqueous Structured Surfactant 
composition. The addition of surfactant to the conventional water based drilling fluid may be 



made as required during the drilling operation in response to the drilling rocks and conditions 
encountered, or may be made during preparation of the drilling fluid to provide a ready 
formulated drilling fluid. 

According » a firs, e^bodbnen, ,he pre*,, invaitio0 provides , he m of ^ 
«Hnpo»,ions as, or in Drilling Fhfids, Ending ^ flllids packjng ^ w 
fa*, wkerein soil composifion, conpnsa op ,„ 5% by weigh, of one „ more p0|ymeHc 
compounds, opnonafiy dissolved elacolyK. and op ,0 10% by weigh, of surfacn, aaid 
sorfacun, being pnsem „„ at ,»eous Smeared Sorftcan,, and further wherein said 
H con.posi.ion comprises 0 ,0 ,0% by weigh, of a weighfing ag„, „ d , y „ 

being based on total weight of the composition. 

In particular the present invention provides a method of drilling bore holes, said method 
compnsmg using as a Drilling Fluid, an aqueous structured surfactant which is preferably a 
« solution containing surfactant micelles or interspersed with a spherulitic surfactant in a 
quantity sufficient to inhibit disintegration of shale and to maintain the rock cuttings in 
suspension under normal drilling conditions. 
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AMD*, to a second embodiment the present invention provides a method of improving the 
dnlhng properties through rocks which are susceptible to disintegration upon contact with 
water, of conventional unweighted water based drilling fluids which comprise one or more 
polymenc compounds and optionally dissolved electrolyte, by the addition to said drilling fluids 
of up to 10% by weight of total surfactant, based on the total weight said fluid . 
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According ,0 a ,hird embodimen, ,„e preM , ,„v.„,ion provides , ^ ^ ^ 
compnsing:- 



0) 0. 05 to 1 0% by weight surfactant, and 

(ii) up to 5% by weight of one or more polymeric compounds, and 

(i'i) optionally dissolved electrolyte, and 

> (iv) 0to5%byweightofanantifoam. 

(v) Oto 10*/, by weight ofa weighting agent or suspended clay. 



■ <)- 

1 bd„g baaed upon «ha ,o«l «igb, of the coupon, wharaio sad surfac,*,, is 

"T" 1,8 * S,rUC,Ure<I SurftaaM «-»*« (•) an alphas. ^ „ . 

»™ciur. taer^ w*h said a*«ous ph«, „ . raouM ^ „ 
solid suspending properties thereon. 

Tbo „.„ consist of. singl. „ ^ „ , ^ rf ^ ^ ^ 

-tai. *. ray w . „ 0 „ 0 „ ic ^ anionjc 

- ~ aitbougb auio*. aod,or ^pHo,^ 

71" J"** ,htre,vi " , • compMitiOM ' — ** - 

-cnaa^aicoM ^ ^ , k0 ^ s 

* y aicoho, eAoxyta.es «. 6l<y ^ ^ ^ 

t^ude. for exa^e. Iauryl dcoho| MhojIyl> , K . „ d oWc add 

glycol monoleate. F«'y«ny.ene 

Said alkyl or altatf groups arc preferlMy c , , 0 ^ strljght ^ 
<*«-* bo or ^ ^ c< w Cs ^ ^ 

Preferably C, .oC„ g^p* SMtoo***,,^^^,^ 

"r-r^*-**-*- « ^up* o.g up to ,0„ k o^ le group, Tbeafcox,! 
mdude the ethoxytated, propoxytated. ^ ^ 

^^!^ i !!^ i ^^^.C„ . Cl! a lka „o,a mi deofa„,o„o 



Other «. surffc^ ^ ^ N presmt ^ ahw(ytoied _~ 
anunes, ethoxytated alkytolaoudes, ethoxytated ethoxytated g,yceryl 



«ho*yl««d «l» ^s. choked phosph«, aoa ,„ e propoxy|Med ^ 
ha™g a C„, alkyl or .toy, ^ md up „ 20 ^ 



butyteneoxy g^p, or my o.her oo^ooic which „„ hitheno ^ 



in 
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powder or liquid detergent compositions e.g. amine oxides. The latter typically have at least 
one C w preferably C IMB alkyl or alkenyl group and up to two lower (e.g. C tJI preferably C, ,) 
alkyl groups. 

The preferred nonionics for our invention are for example those having an HLB range of 2- 1 8 
e.g. 8-18. 

The surfactant may include an anionic surfactant as either the major proportion of the total 
surfactant or as a minor proportion thereof It is preferred that the anionic surfactant is 
present in an equal or a minor proportion of the total surfactant when a non ionic surfactant is 
present. Very surprisingly, in certain circumstances it may be advantageous to use low 
concentrations of anionic surfactant in combination with an anionic surfactant The anionic 
surfactant may for example be an at least sparingly water-soluble salt of sulphonic or mono 
esterified sulphuric acids e.g. an alkylbenzene sulphonate, alkyl sulphate, alkyl ether sulphate, 
olefin sulphonate, alkane sulphonate, alkylphenol sulphate, alkylphenol ether sulphate. 
aJkylethanolamide sulphate, alkylethanolamide ether sulphate, or alpha sulpho fatty acid or its 
esters each having at least One alkyl or alkenyl group with from 8 to 22, more usually 1 0 to 20 
aliphatic carbon atoms. Said alkyl or alkenyl groups are preferably straight chain primary 
groups but may optionally be secondary, or branched chain groups. The expression "ether" 
hereinbefore refers to oxyalkylene and homo- and mixed glyceryl-oxyethylene. glyceryl- 
oxypropylene groups, or glyceryl-oxyethylene-oxypropylene groups, typically containing from 
1 to 20 oxyalkylene groups. For example, the sulphonated or sulphated surfactant may be 
sofad^ 

diethyl benzene sulphonate, sodium lauryl sulphate, sodium tallow sulphate. potassium^" 
sulphate, ammonium lauryl monoethoxy sulphate, or monethanolamine cetyl 10 mole 
ethoxylate sulphate. 

It is preferred that said anionic surfactant is an isopropylamine or lower alkyolamine. e g a 
mono, di or triethanolamine, salt of a C„ - C M benzene sulphonic acid, e.g. a 
monoethanolamine salt of benzene sulphonic. With such surfactants in the absence of any 
non-ionic surfactant it is preferred that they form the whole or predominant pan of the total 
surfactant. 
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Other axuonic surfactants which may be used include fatty alkyl sulphosuccinates, fatty alkyl 
ether sulphosuccinates, fatty alkyl sulphosuccinamate, fatty alkyl ether sulphosuccinamates 
acyi sarcosinates, acyl taurides, isethionates, soaps such as stearates. palmitates, resinates ' 
oleates, hnoleates, rosins soaps and alkyl ether carboxylases and saponins Anionic phosphate 
esters mcluding naturally occurring surfactants such as lecithin may also be used. In each case 
the amonic surfactant typically contains at least one aliphatic hydrocarbon chain having from 8 
to 22 preferably ,0 to 20 usually an average of 12 to 18 carbon atoms, an ionisable acidic 
group such as a sulpho-, acid sulphate, carboxy, phosphono-or acid phosphate group and in 
the case of ethers, one or more glyceryl and/or from 1 to 20 ethylenes and/or propylene^ 
groups. 7 

The anionic snrf^ troy be „,«« as *, sodium sa.„ 0,ntr sai.s of cooanarcnu h»«s. 
■new. those of po.assium. „ lhjum , calcium , mgm6 ^ .onoethanolamins 
drananolamine. WatanoUnjne and alky! ..nines co„ taW „ g up , 0 ^ m ^ 
atoms, such as isopropylamiae. 

* * 

The compositions of the .mention may contain cationic surfactants, which include quaternary 
amtnes having at least one long chain (eg. CfMI typically C 1Me ) alkyl or alkeny, g roup 
opfonally one benzy, group and the remainder of the four substituents short chain (e g C ) 
alkyl groups. They also include imidazolines and quatemised imidazolines having at least 'one 
long chain alkyl or alkeny. group, artd amfdo amines and quatemised amido amines having at 
least one long chain alkyl or alkenyl group. The quatemised surfactants are all usually salts of 
an.ons which impart a measure of water solubility such as formate, acetate, lactate, tartrate 
chloride, methojulphate, ethosulphate, sulphate or nitrate. 



"elude betaines. sulphobetaines and phosphobetaines formed by reacting a suitable tertiary 
mtrogen compound having a long chain alkyl or alkenyl group with the appropriate reagent 
such as chloroacetic acid or propane suhone. Examples of suitable tertiary nitrogen containing 
compounds inch.de: tertiary amines having one or two long chain alky, or alkenyl groups and 
optionally a benzyl group, any other substituent being a short chain alky, group; imidazolines 
hav.ng one or two long chain alkyl or alkeny. groups and amidoamines having one or two long 
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chain alkyl or alkenyl groups. Generally amphoteric surfactants are less preferred than 
non-ionic, or anionic, surfactants. 

The specific surfactant types described above are only exemplary of the commoner surfactants 
suitable for use according to the invention. Any surfactant may be included. A fuller 
description of the principal types of surfactant which are commercially available is given in 
"Surface Active Agents and Detergents" by Schwartz Perry and Berch. 

Generally we prefer that surfactants for use according to our invention should be substantially 
non-toxic, especially to marine life, we also prefer that the surfactants should be substantially 
stable at temperatures above 100T, preferably above 120>C. especially above 150'C and, e.g. 
for deep drilling applications, above 180°C 

The compositions of the invention typically contain between 0.05% and 10% by weight of total 
surfactant. preferaWy between 0 5% and 8%, mo* prefcrably between l% and ?% The ^ 
amount of surfactant used will depend for example, upon the nature of the surfactant or 
surfactants present, the ratio of surfactants if more than one surfactant is present, the amount 
and type of electrolyte and polymeric compound present, and the required theology 
characteristics of the drilling fluid dependent upon different drilling conditions encountered 



The polymeric compound may consist of a single polymeric compound or of one 
polymeric compounds. It is generally preferred that more than one polymeric compound is 



or more 



present. 



The polymeric compound may be any natural, modified or synthetic polymer or gum or salt 
thereof e g. polyelectrolyte, used in conventional water based drilling fluids Typically the 
polymeric compound is an anionic or amphoteric polymeric compound, e.g an anionic 
polyelectrolyte or mixture thereof However, the use of nonionic polymers e.g. ethylene oxide 
polymers is not excluded 

Suitable natural and modified polymeric compounds include amongst others, modified gums 
such as water soluble cellulose derivatives e.g. carboxymethy. cellulose, methylcellulose and 
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hydtoxyethy, cdluta* ^ sohtbl. mretl derivative! such u ^ 

■mural gums such as ^ ^ ^ ^ ^ ^ 

compounds indu<te amongs, others, potjaayUl*. potymetbu^e, and My alkyl 

meUu^te. potymde.,0,, poh^tyfanndes. polyvmytacesates. ^ ^ 

polyvmyl pymtlidones a* copohmters ^ ^ G<< fe ^ 

«d»«Hva. ^^«^ ylrai ^^ t ^^ ai ^ coiMyTOis 

**f«b.y th. poD^rtc compound k , ahct)mtv ^ ^ ^ ^ 
polymeihac^Me, polymaleaae „ „y c^,^ (hawf ' 

Typicdy th. polydecunlyta » «„ mionic p^te^ , g . Mm ^ u „ for 

sod™, or potassium, all or an aWi* aanh metal a* fo, example a cdeium sal, A 
pancularly pteferred anionic pmyetecm,,,,. i, for example sodium cartoxymethyl «Uulosa 

Thaav^oBotouar^ for .rp*^,, compound is typify ,«„ the range 100 „ 
1 ,000,000, preferably 500 ,o 500,000, most preferably 1000 to 50.000. 

T"« Polymaric compound is typMy p*^ „ m amount of up t0 5% ^ ^ ^ ^ 
the total weigh, of ft, composhion, prafcraHy up ,o 4%, most preferably up ,o 3V. by weigh, 
In soma oratmaances, ma .mourn of polymeric compound may b« graaer ma, 5% by 
dependent upon ma partata, polymeria co^,. „, ' 

Howav* for ^ of maotogy and „» „ isp^ed lhe " 
present in an amount of up to 5% by weight. 

Dissolved Eiecrorye compounds arc sfrongr, preyed constituent, of our composition 

- Airtooghrnl^sstWS^^ SiHS^SS^ 

surface concanrradon is sufficient* high, the mobility ^ ^ ^ 

-nlass the surfitcttn. has bean selacd wi, h g^ A(Jdilioil of Btttr0|yte ^ 

praptmmoo of moMc SmKturRl SuIftct]lms ^ 



surftctaw. 
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Su,tab1e Electrolytes include «he water soluble alkali metal, ammonium and alkaline earth metal 
salts of the strong mineral acids Particularly preferred are sodium and potassium salts 
especially the chlorides. However lithium, calcium and magnesium salts may also be present. 
Among salts that are useful may be included phosphates, nitrates, bromides, fluorides, 
condensed phosphates, phosphor, acetates, formates and citrates. It is often particularly 
convenient, in the case of Drilling Fluids to make up the composition by diluting a concentrate 
on srte wnh locally occurring natural brine (e.g. sea water in the case of offshore operations) 
Th,s may be used to provide all or part of the Electrolyte content of the Drilling Fluid. 

The Electrolyte may be present in concentrations up to saturation Typically the less the 
amount of surfactant present, the more Electrolyte will be required to form a structure capable 
of supporting solid materials. We generally prefer to use higher concentrations of Electrolyte 
and lower concentrations of surfactant, and to select the cheapest Electrolytes on economic 
grounds. Thus Electrolyte is normally present in a concentration of at least 0. 1% by weigh, 
based on the total weigh, of the composition, more usually at least 0.5% e.g. more than 0 75% 
preferably more than !%. Usually, dependent upon the solubility of the electrolyte the 
concentration is less than 30% more usually less than 10% e g less than 8% by weight. 
Typically the concentration is between 1% and 7% by weight 

The maximum Electrolyte concentration depends, among other things, on the type of structure 
and the viscosity required as well as considerations of cos,. We prefer to form Spherulitic 
composrtions as described in our aforementioned UK Patent GB2.238.650. our UK Patent 

balance betwee n acceptable mobility of the. ' 
compositions and loading of suspended solids such as shale. ~ ~ 



In the case of Drilling Muds and Spacer Fluids, it is usually desirable to supply ,o the hole a 
flutd that contains the necessary concentrations of surfactant and Electrolyte to form a solid 
suspending structure. However Electrolyte salts occurring in the rock through which the hole 
>s be,ng dnlled may sometimes be capable of forming the structure io^y if only an aqueous 
surfactant is supplied. It is often preferred to supply an aqueous system containing less than 
the opumum amount of Electrolyte in order to allow for dissolution of Electrolyte minerals 
occurring in the hole. 



-IS 



The quantity of Electrolyte required, also depends on the nature and solubility of the 
surfactant Generally slants with high cloud points need less Electrolyte than surfactants 
w,» low cloud point. Wi th surfactants, for example the ^propylamine salt of ben^e 
sulphomc acid, no Electrolyte is required to form spherulities. 

We prefer that the drilling fluids of our invention should have low foaming properties. While 
th* can be achieved by selecting inherently low foaming surfactants, it is preferred to include 
anufoams such as silicone oil antifaams. phosphate esters, fatty alcohols or, less preferab.y 
hydrocarbon oils. 

When present the amifoam is typ icaJIy used in concentrations QfQ Q { w $% fcy 
preferably 0.1 to 3* by weight dependent upon the surfactants employed. 

The drilling fluids of the present invention preferably do not contain weighting agents, and are 
thus unweighted drilling fluids. However, lower than conventional amounts of weighting 
agents may also be included, e.g. up to .0% by weight based on the total weight of the 
composmon. preferably up to 5% by weight. Suitable weighting agents include amongst 
others haematite and barite. 

AlKmaively to «tag flu ids of 1|M piraeM immim m camK ^ ^ 

replacement of tbe whole or pan of the weighing jgem. 

The drilling fluids presew invCTtio „ ^ optiora||y ^ ^ ^ 

tocnonal computes, fo,^ M luWcOTB ^ „ ^ ^ ^ 
srructurrf suTHoin. iSS- K^^u^!^^-^^^^- 

addons are normally unnecesaary t0 prevent fluid los! o, to provide suspending properties 
and mny be den™™* to chec*^, p^^ „ „ ^ ^.^ 

agenta are no. present If preaam, bentontt. should preferably „ 0 , be in excea, of 5% by 
wetgbt of the total composition However the compositions of our invention are genera.,, 
capable of tolling fl* preserve of bentonit, adventitioualy derive* Iron, mine,.,, in the bore 



hole. 
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The compositions may also optionally contain a biocide such as glutaraldehyde, or preferably , 
tetrakis hydroxymethyl phosphonium salt such as THP sulphate or a mixture thereof with 
glutaraldehyde. to inhibit the growth of sulphate reducing bacteria which may cause corrosion 
of the pipes, spoilage of the fluid and/or infection of the formation. 

The Drilling Fluids may under certain circumstances contain E.P additives and corrosion 
inhibitors such as phosphite esters, phosphonates, polyphosphonates, chromates and zinc 
salts and the like. The corrosion inhibitor is preferably an organic chelating agent or other 
inhibitor of corrosion of metal surfaces by aqueous solutions. 

We prefer that the Drilling Fluids of our invention are substantially free from oil or organic 
solvents, either water-miscible solvents such as lower mono or polyhydroxy alcohols, ketones 
and polyethers or water-immiscible solvents such aromatic hydrocarbons, and also from 
any hydrotropes such as urea, benzene sulphonate or lower alkyl benzene sulphonates. 
Solvents and hydrotropes tend to interfere with surfactant structuring and require the use of 
substantially increased amounts of surfactant and/or Electrolyte. They also increase the cost 
of the formulation without generally increasing performance. Oil and solvents are in addition 
h.ghly undesirable on environmental ground* We therefore prefer, if present at all. that oils 
solvents and hydrotropes are each present in proportions less than 10%. more preferably less 
than 5%, most preferably less than 1%, e.g. less than 0.5*. usually less than 0. 1% and most 
commonly less than 0.05% by weight, based on the weight of the composition. 

}n^^(^^^ mn typica||y conta . n ^ wh . ch comprise 

rock cuttings such as shale. " 



Preferably the compositions of the invention have a plastic viscosity as measured on a Fann 
vscometer of from 5 to 35 cps* that is 0.005 to 0.035 Pa sec preferably from 0 015 to r 03 
e g 0 02 to 0.025 Pa sec. We prefer that the composition should have a Yield Point greater 
than ISlh/ 100ft ! preferably from 30 to 50 especially from 35 to 45 e.g. 401b/100ft^ These 
Yield points are approximately equal, respectively, to 7.25. Pa; 14 to 25 Pa; 1 7 to 22 Pa! and 
20 Pa. We particularly prefer that the composition should, have a ratio of Yield Point to Plastic 
Viscosity of from 1 to 2.5 especially 1 .5 to 2 e.g. 1 8 expressed in cos and lb/100ft ; 



respectively. These ratios correspond approximately to : 50 to 120; 70 to 95; 85 expressed in 
SI units. 



The compositions may be supplied as pre-formulated compositions by blending the 
components of the compositions to produce the drilling fluid. Any suitable order of mixing 
may be used, for example the e.ectrolyte may be dissolved in the water, then the polymeric 
compound added followed by the surfactant, with the composition being mixed until 
homogenous. 

Preferably, the compositions are prepared by the addition of the surfactant to a pre-formulated 
conventional aqueous drilling fluid which comprises polymeric compounds and optionally 
electrolyte, to produce a Structured Surfactant composition as required. This may occur for 
example ,f shale is encountered during a drilling operation requiring the drilling fluid to exhibit 
good flu,d loss, properties but where it is preferable to avoid the addition of weighting agents. 

Altermmvely. the conventional aqueous drilling fluids may be supplied as concentrates and 
dduted pnor to use with an electrolyte solution, e.g. brine and the required amount of 
surfactant. 

Theinventron will further be illustrated by reference to the following Examples. 

EXAMHJE i ■ iwm r WIG FLITO COmpositi^ c 



^>rHtmrflurd^mpo?^^ 

kf"P ,e ,A Example IB 

Vo by weight % by weight 

Potassium Chloride 448% 

Sodium Carboxymethyl cellulose 0 9%* I'l? 4 

XanthanGum 03(5O/ 09% 

Polyethylene glycol monoleate°l . ° 0 36% 

fatty alcohol + ^EO^ <: no/ 5 0% 

Water- 



balance balance 
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The samples were opaque spherulitic compositions, which were capable of suspending solid 
particles. 



PLE 2 - FLUTO LOSS CONTROL PI 



IE! 



The fluid loss control properties of Examples 1A and IB were tested against the following 
Convention* weighted and unweighted structured surfactarrt compositions as comparisons. 

Table 1 weighted and unweighted company structured surfactant drilling fluids 







Esaonple No 








% by weight 






C 


D 


E F 


G 


C, : . l6 linear alkyl benzene sulphonare *3 


5.4 




5.4 - 




coconut diethanolamide °4 


8.0 


9.0 


8.0 9.0 


90 


Isopropylamine alkyl benzene suiphonate *5 




60 


6.0 


6.0 


Sodium Chloride 


4.0 




4.0 4.0 


Potassium Chloride 




4.0 




4.0 


Silicon Amifoam 


O.S 


0.5 


0.5 0.5 




0.5 


Barite 






250 25.0 




m 




25.0 


Water 














balance 


— — > 



Examples 1 A, IB and C to G were tested in a standard API pressure Alter test rig, with the 
^J^* f ^L h ™^h » matman No 45 filter paper at 20-C under a 50 psi_pressure 
(pressurised with nitrogen). The amount of each test fluid which was forced through the filter 
paper in a testing time of 30 minutes was measured by volume The results for each test 
sample is given below as milUUtres (mis) which passed through the filter paper during the test 



time 



Table 2 Test Results 

Exa,n P ,£ Volume 



1A 
IB 

C 

D 

E 

F 

G 



4.4 mis 
4.8 mis 

> 125 mis in 1 minute of test time 

> 125 mis in 1 minute of test time 
7.1 mis 

7.6 mis 

7.5 mis 



«o» co n ,rol propeniK , ^ ^ ,„ te ^ 
to pass the fluid loss control test. 

♦ 1 available commercially as Empilan BQ100 
*2 available commercially as Empilan KB4 
*3 available commercially as Nansa 1 169 
*4 available commercially as Empilan CDE 
*5 available commercially as Nansa YS94 

'EMPILAN* AND "NANSA' m reglJter * Tradamrls of ^ & ^ ^ 



The use of aqueous surfactam compositions as, or in Drilling Fluids, including spacer 
funds, packing fluids, or completj<m fluids wherein ^ ^^..^ 

(0 up to 5% by weight of one or more polymeric compounds 
(«) optionally, dissolved electrolyte, 

(HI) up to 1 0% by weight of surfactant, said surfactant being present as an aqueous 
Structured Surfactant, which is a solution containing surfactant m icelles or 
.merspersed with a spheiulitic surfactant, in a quantity sufficient to inhibit 
integration of shale and to maintain the rock cuttings in suspension under 
normal drilling conditions, and 

(vi) 0 to 1 0% by weight of a weighting agent, 



all weights being based on total weight of the 



composition. 



A method of improving the drilling properties of conventional unweighted water based 
dntUng fluids, wherein said drilling fluid comprises 
(•) one or more polymeric compounds, and 
(") optionally, dissolved electrolyte, 

► 

wherein said method comprises the addition to said drilling fluids of up to 10-/, by 
weight of total surfactant, based on the total weight said fluid. 

A-driMng fluid composition comprisrngT- ; - 

0) 0.05 to 10% by weight surfactant, 

(») up to 5% by weight of one or more polymeric compounds, 

(iii) optionally, dissolved electrolyte, 

(iv) 0 to 5% by weight of an antifoam, 

(v) 0 to 1 0% by weight of a weighting agent, 

all weights being based upon the total weight of the composition, 



an 



wherem sa,d surfactant is present as a Structured Surfactant which compnses (a) 
aqueous phase and (b) a spheric surfactant structure interspersed with said aqueous 
Phase, m an amount sufficient to confer solid suspending properties thereon. 

A composition according to Claim 3 wherein said composition comprises 0.05 to 7% by 
weight surfactant. 



A composton m ^ m . clajm , „ , ^ ^ ^ ^ ^ < ^ _ ^ 

aruoroc surfactant. 



A composition according to Claim 5 wherein said surfactant is an alkyl or alkenyl 
alkoxylate. 

A composition according to Claim 6 wherein said alkyl or alkenyl alkoxylate is a fatty 
alcohol ethoxylate or fatty acid ethoxylate. 

A composition according to Claim 7 wherein said fatty alcohol ethoxylate or fatty acid 

ethoxylate is a C 6 to C„ fatty alcohol or fatty acid ethoxylate with I to 10 ethoxylate 
groups. 

A composition according to Claim 5 wherein said anionic surfactant is a water soluble 
salt of an alkyl benzene sulphonic acid. 

A composition according to any one of Claims 3 to 9 wherein said composition 
compnses up to 3% by weight of one or more polymeric compounds. 



A composition according to Claim 1 0 wherein said one or more polymeric compound is 
a natural, modified or synthetic polymer or gum, or salt thereof e.g. po.yelectro.ytes. 

A composition according to Claim 1 1 wherein said gum is xanthan gum, guar gum 
carboxymethyl cellulose, or acacia gum. 



* 

13. A composition according to Qaim 11 where said polymer is a polyacrylate, 
polymethacrylate, or polymaieate. 

M. A composition according to Claim 1 1 wherein said polyelectrolyte is an anionic 
polyelectrolyte e.g. sodium carboxymethyl cellulose. 

15. A composition according to any one of Claims 3 to 14 wherein said composition 
compnses up to 10% by weight of dissolved electrolyte. 

I«. A composition according to Claim , 5 wherein said electrolyte comprises an alkali metal 
or alkalme earth metal salt. 



1 ?. A composition according to Claim 1 6 wherein said salt is 



a halide. 



>* A composition according to any one of Claims 3 to , 7 whntcin s»d mi r„ m „ prtsai , 
in an amount of up to 3% by weight 

19 A imposition according to Claim 18 .herein said antifoam a a «tat. 

20 A composition according to any one of Claims 3 to ^^^^^ 
present in an amount of up to 5% by weight. 



21 . A composition according a Cla im 20 wherein said weighting agent is 



barite or haematite. 



22, A composition according to any one of Claimc ? -> i u ' • 

s any one ot Claims 3 to 2 1 wherein said composition further 

compnses suspended clays. 
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